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ABSTRACT : 



PROBLEM TO BE SOLVED: To provide a means to enable the constantly light operation 
of a steering wheel, and reduce a shock generated when the steering angle of the steering 
wheel reaches the maximum in an electric power steering device. 

SOLUTION: The electric power steering device comprises a sensor 42 to detect the 
steering angle of a steering wheel, a means 16 to damp the driving force of an electric 
motor 44 when the steering angle of the steering wheel approaches the maximum value 
and exceeds the damping starting angle, a means 52 to detect the steering load applied to 
the steering wheel, a means to detect the steering speed of the steering wheel, and a 
means 16 to set the damping starting angle according to the steering load and the steering 
speed of the steering wheel. The shock at the maximum steering angle is minimized by 
appropriately changing the damping starting angle, and the steering wheel can lightly be 
steered to the maximum steering angle. 
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CLAIM + DETAILED DESCRIPTION 



[Claim(s)] 

[Claim 1] In the electric formula power-steering equipment which controls an electric motor 
based on handle operation, and steers a steering wheel using the driving force of this electric 
motor An attenuation means to attenuate the driving force of said electric motor when it is 
detected by said rudder angle detection means a rudder angle detection means to detect the 
rudder angle of said steering wheel, and that said steering wheel approached the predetermined 
maximum rudder angle, and exceeded the attenuation start angle, A steering load detection 
means to detect the load which acts on said steering wheel, and a steering speed detection 
means to detect the steering speed of said steering wheel, Load to said steering wheel detected 
by said steering load detection means, and electric formula power-steering equipment 
characterized by having an attenuation start rudder angle setting means to set up said 
attenuation start rudder angle according to the steering speed of said steering wheel detected 
by said steering speed detection means. 

[Claim 2] Electric formula power-steering equipment according to claim 1 characterized by said 
attenuation means being a means to reduce the drive electric power of said electric motor. 
[Claim 3] Electric formula power-steering equipment according to claim 1 or 2 characterized by 
said steering speed detection means being an operation means to find steering speed according 
to an operation from the rudder angle detected by said rudder angle detection means. 
[Claim 4] Electric type power-steering equipment given in any 1 clause of the Claims 1-3 
characterized by said steering load detection means being a load current detection means to 
detect the load current which flows through said electric motor. 

[Claim 5] Electric type power-steering equipment according to claim 4 characterized by setting 
up said attenuation start angle from the function with which said attenuation start rudder angle 
setting means makes a variable the load current detected by said load current detection means, 
and steering speed detected by said steering speed detection means. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the technology for reducing the shock 
produced when a steering wheel reaches the maximum rudder angle and what is called a steering 
end about electric type power-steering equipment. 
[0002] 

[Description of the Prior Art] Electric formula power-steering equipment generates auxiliary 
steering power using an electric motor etc., and tends to assist or reduce the steering power 
applied to a handle (steering wheel) by the driver. The electric assistant equipment which made 
the efectric motor the source of a drive is used for common electric formula power-steering 
equipment. The output rod of electric assistant equipment is made to move according to the 
steering power applied to the handle, and a steering wheel is steered through the bell crank, tie 
rod, and knuckle arm to which the tip part of this output rod was connected (see drawing 1 ). 
[0003] Moreover, in the electric type power-steering equipment of the general former, in order 
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to sat up the maximum rudder angle, the stopper which regulates the motion in contact with a 
knuckle arm is prepared in the body side. 

[0004] Since this stopper is rigid body structure, whan a knuckle arm contacts, a shock 
generates it. Especially the impulse force produced in electric formula power-steering equipment 
when rotation of an electric motor stops in an instant since the auxiliary steering power by an 
electric motor is added besides the steering power by a driver may become very big. Such a 
shock being vibrating and giving a driver displeasure has a possibility of making the constituent 
factor of power-steering equipment producing fault, from the first. 

[0005] If a steering wheel reaches this side of the maximum rudder angle, and a predetermined 
rudder angle (attenuation start rudder angle) to this problem as shown, for example in JP,H9- 
58491, A etc., the drive electric power supplied to an electric motor is reduced, and a means to 
attenuate motorised power is proposed. Since according to this means the driving force of an 
electric motor will decline if a steering wheel exceeds an attenuation start rudder angle, the 
shock at the time of a knuckle arm touching a stopper becomes small. 
[0006] 

[Problem to be solved by the invention] However, like the description to JP,H9-58491 A even if 
it decreases the driving force of an electric motor from a fixed attenuation start rudder angle, a 
sometimes big shock may occur or a handle may become heavy at an early stage conversely. 
[0007] There is this invention in offering a means by which the shock produced when a steering 
wheel reaches the maximum rudder angle can be reduced while it is made in view of this 
situation and enables always light handle operation in electric formula power-steering equipment. 

[0008] 

[Means for solving problem] In order to attain the above-mentioned purpose, this invention 
person thought that the cause of the above-mentioned problem was in the steering speed 
(angular velocity of horizontal rotation) of a steering wheel, and the load (it is called the following 
"steering load") which acts on a steering wheel from sidewall etc., as a result of examining many 
things, That is, when the steering speed of a steering wheel is a high speed, or when steering 
load is small, even if motorised power is reduced, inertia cannot fully drop steering speed of a 
steering wheel, but it is thought that a knuckle arm and a stopper collide strongly. Moreover, the 
steering speed of a steering wheel is a low speed conversely, or since the work load for steering 
a steering wheel to the maximum rudder angle becomes large fairly when steering load is large, it 
is desirable [ the auxiliary steering power of an electric motor ] not to make it fall to near the 
maximum rudder angle, but to maintain. 

[0009] Then, this invention controls an electric motor based on handle operation, and sets it to 
the electric type power-steering equipment which steers a steering wheel using the driving force 
of an electric motor. An attenuation means to attenuate the driving force of an electric motor 
when it is detected by a rudder angle detection means a rudder angle detection means to detect 
the rudder angle of a steering wheel, and that the steering wheel approached the predetermined 
maximum rudder angle, and exceeded the attenuation start angle, A steering load detection 
means to detect the load which acts on a steering wheel, and a steering speed detection means 
to detect the steering speed of a steering wheel. It is characterized by having an attenuation 
start rudder angle setting means to set up an attenuation start rudder angle according to the 
steering load to the steering wheel detected by the steering load detection means, and the 
steering speed of the steering wheel detected by the steering speed detection means. 
[00 1 0] Thus, by changing an attenuation start rudder angle suitably based on steering speed and 
steering load, while making the shock in the maximum rudder angle into the minimum, it becomes 
possible to perform handle operation lightly to the maximum rudder angle. 

[001 1] In addition, an attenuation means to decrease the driving force of an electric motor has a 
desirable means to reduce the drive electric power of an electric motor. 

[0012] Moreover, the steering speed can find steering speed according to an operation from the 
rudder angle from which a sensor for exclusive use was not formed, but ** was also detected by 
the rudder angle detection means. 

[0013] About a steering load detection means, since the load of a steering wheel corresponds to 
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the load which acts on an electric motor, it is suitable for it to consider it as a load current 

detection means to detect the load current which flows into an electric motor. 

[0014] Furthermore, it is a simple means to set up the load current detected by a load current 

detection means and the steering speed detected by a steering speed detection means based on 

the function made into a variable, and it is suitable for an attenuation start rudder angle. 

[0015] 

[Mode for carrying- out the invention] With reference to Drawings, the suitable embodiment of 
this invention is explained in detail hereafter. 

[0016] Drawing 1 shows one embodiment of the electric type power-steering equipment for 
forklifts with which this invention was applied, and the mark 10 shows among the figure the 
handle in which rotation operation is done by the driver. The upper end of the steering shaft 12 
is combined with this handle 10. The torque sensor 14 for detecting the torque and the hand of 
cut which were added by rotation operation of the handle 10 is interposed in the steering shaft 
1 2 as a handle operation state detection means. The detection signal of the torque sensor 1 4 is 
sent to the control device 16 which made the subject the microcomputer which bears control of 
the whole power-steering equipment. 

[001 7] The lower end of the steering shaft 12 is connected to drag links 22 and 24 through the 
gearbox 18 and the pit man arm 20. Rotational movement of a steering shaft 12 is changed into a 
straight-line motion by the gearbox 18 and the pit man arm 20, and drag links 22 and 24 
reciprocate linearly along with the longitudinal direction. 

[00 1 8] The tip part of the drag link 24 is connected to the bell crank 28 which is the input part 
of the steering gear style which supports and steers a steering wheel 26 through the output rod 
32 of the below-mentioned electric assistant equipment 30. The bell crank 28 is attached to the 
central part of the rear axle beam 34, and is rotated in a horizontal direction by making a drag 
link 24 reciprocate. The knuckle arm 38 is attached to each end of right and left of the rear axle 
beam 34 by the kingpin 36 possible [ rotation ] in the horizontal direction, and the knuckle arm 
38 is connected to the bell crank 28 through the tie rod 40. Moreover, the back wheel which is a 
steering wheel 26 is rotatabfy supported by each knuckle arm 38. Therefore, if rotation operation 
of the handle 10 is carried out, the steering power is told to a bell crank 28 through a drag link 
24 from a steering shaft 1 2 and this is rotated, the knuckle arm 38, as a result a steering wheel 
26 will rotate through the tie rod 40 (steering). 

[001 9] In addition, in order to set up the maximum rudder angle of a steering wheel 26. the 
stopper (not shown) which regulates the motion in contact with the knuckle arm 38 is really 
formed in the rear axle beam 34. 

[0020] Moreover, the potentiometer which detects the amount of rotations of a kingpin 36 is 
formed as a rudder angle sensor (rudder angle detection means) 42 which detects a rudder 
angle. Although it is variously as a rudder angle sensor 42, structure is easy, and since it excels 
in endurance, a potentiometer is desirable. The rudder angle detection signal of the rudder angle 
sensor 42 is inputted into the control device 16, and control of this power-steering equipment is 
presented with it. 

[002 1 ] Electric formula power-steering equipment is equipped with the electric assistant 
equipment 30 which generates the auxiliary steering power for assisting or reducing the steering 
power by a driver further. The electric assistant equipment 30 of illustration is what uses the 
driving force of the electric motor (only henceforth a "motor") 44 as auxiliary steering power. It 
is constituted by movement conversion mechanisms (not shown), such as a pinion rack 
mechanism of housing 46 inside, and a ball screw mechanism, so that rotational movement of the 
axis of rotation of a motor 44 may be changed into the straight-line motion of the output rod 32. 
The output rod 32 is projected possible [ an attitude ] from housing 46, and the tip part 
combines with the tip part of a drag link 24, and is connected to the bell crank 28. Since housing 
46 is supported by the machine stool (not shown), if it drives a motor 44 and the output rod 32 is 
made to move to housing 46 A bell crank 28 can be rotated and it becomes possible to assist 
the steering power by the driver told to a bell crank 28 by this through a drag link 24 from a 
handle 10. 

[0022] The drive of a motor 44 is controlled by the control device 16. As shown in drawing 2 , in 



http://dossierl apdLinpitgo jp/cgi-bin/tran_web_cgi_ejje?u==http%3A%2F%2Fdossier.^ 26-02-2009 



JP,2001-03Q933,A [CLAIM + DETAILED DESCRIPTION] 



Page 4 of 6 



detail [ a motor 44 ] The drive of a motor 44 is controlled by the chopper circuit 50 which ' 
■ carries out on-off control of the drive current supplied to a motor 44 being connected from the 
battery 48 and the battery 48, emitting a drive control signal in the chopper circuit 50 from the 
control device 16, and carrying out on-off control of the drive current. The drive control signal of 
the control device 16 is a pulse signal for example, by changing the duty ratio, can change the 
duty ratio of on— off of the drive current by the chopper circuit 50, and can fluctuate the driving 
force of a motor 44. 

[0023] The load current detector circuit 52 which detects the current (load current) which flows 
into the motor 44 which is a load machine is connected to the chopper circuit 50 in series. Since 
the load (steering load) added to a steering wheel 26 is transmitted from sidewall etc. to a motor 
44, load current is changed according to the size of the steering load. Therefore, the load current 
detector circuit 52 functions as a steering load detection means to detect the size of steering 
load. Although not shown in drawing 2 as a load current detector circuit 52, what consists of a 
resistor connected to the chopper circuit 50 in series, for example can be considered, and the 
load current which flows through a motor 44 can be detected by detecting the potential 
difference of the both ends of this resistor. The output from a resistor is digitized by the A/D 
conversion machine, and is inputted into the control device 1 6. 

[0024] The control device 1 6 is constituted considering a microcomputer as a subject, as 
mentioned above. That is, the control device is equipped with the input-and-output part, the 
central operation processing part (CPU), and the memory part (ROM, RAM). The program which 
controls a motor 44 based on the detection signal from the torque sensor 14, the rudder angle 
sensor 42, and the load current detector circuit 52 at the time of handle operation is memorized 
by ROM of the memory part. 

[0025] Next, an operation of the electric type power-steering equipment of the above-mentioned 
composition is explained. 

[0026] When a driver does rotation operation of the handle 10 in one way in the rudder angle of a 
steering wheel 26, the state, Le;, the going-straight state, of zero, The steering power is told to 
drag links 22 and 24 through a steering shaft 12, a gearbox 18, and the pit man arm 20, a bell 
crank 28 rotates, and the rudder angle of a steering wheel 26 is changed. Moreover, the torque 
which could come, simultaneously was added to the steering shaft 12 is detected by the torque 
sensor 14. The control device 16 determines auxiliary steering power from the torque detection 
signal, makes the motor 44 of electric assistant equipment 30 drive, and moves the output rod 
32 in the move direction and this direction of a drag link 24. Thereby, not only the steering power 
from a drag link 24 but the auxiliary steering power from electric assistant equipment 30 is added 
to a bell crank 28, and a driver becomes possible [ carrying out rotation operation of the handle 
10 by light power ]. 

[0027] If rotation operation of such a handle 10 is continued in this direction, a steering wheel 26 
will approach maximum rudder angle th eta MAX by the side of this direction, this embodiment was 
shown previously — conventionally like composition if a steering wheel reaches attenuation start 
rudder angle thetaS before maximum rudder angle thetaMAX As shown in drawing 3 t it reduces 
gradually with the duty ratio of the drive current supplied to a motor 44 to the increase in a 
rudder angle, motorised power is decreased, and it is planning reducing the shock by the knuckle 
arm 38 and a stopper colliding. 

[0028] On the other hand, unlike composition, this embodiment serves as variable conventionally 
and attenuation start rudder angle thetaS The steering speed of a steering wheel 26 (rotational 
angular velocity omega=d theta/dt) f It is supposed that steering start rudder angle thetaS will be 
set up with the control device 16 according to the size of the steering load which acts on load 
current IM 26, i.e., a steering wheel [ the control device 16 / a thing ] in detail if it recognizes 
that the steering wheel 26 reached predetermined rudder angle thetaJ before maximum rudder 
angle thetaMAX from the output signal of the rudder angle sensor 42 While finding the moment 
steering speed omega of the steering wheel 26 at the time by operation processing from the 
output signal of the rudder angle sensor 42, the detection value IM of the load current detector 
circuit 52 is read as steering load, and attenuation start rudder angle thetaS is determined from 
these values. 
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[0029] In addition, although said predetermined rudder angle thetaJ may be defined suitably, it is 
desirable the same- value as minimum thetaMIN of an attenuation start rudder angle or to 
consider it as the angle of this side slightly. In this embodiment, thetaJ shall take the same value 
as thetaMIN. Moreover, although it is the angle which can be defined suitably also about minimum 
thetaMIN of an attenuation start rudder angle, the duty ratio of the drive current supplied to a 
motor 44 is the maximum, and the value which load current (steering load) IM is the minimum, 
and is selected as thing optimal when it is in the maximum steering speed omega is desirable. 
[0030] Since rotation of a steering wheel 26 may not fully be slowed down by inertia even if it 
decreases the driving force of a motor 44 when the steering speed omega is a high speed, or 
when load current IM is small, as for angle difference deltatheta between attenuation start 
rudder angle thetaS and maximum rudder angle thetaMAX, enlarging is desirable, on the contrary, 
when the steering speed omega is a low speed Since the auxiliary steering power from electric 
assistant equipment 30 may not work effectively before a steering wheel reaches maximum 
rudder angle thetaMAX when load current IM is large, it is desirable to make small angle 
difference deltatheta between attenuation start rudder angle thetaS and maximum rudder angle 
thetaMAX. We decided to think that the function which makes a variable the rudder angle speed 
omega and load current IM can express angle difference deltatheta between maximum rudder 
angle thetaMAX and suitable attenuation start rudder angle thetaS, and to ask for attenuation 
start rudder angle thetaS by the following formula in this embodiment from this. 
[0031] 

theta S=theta MAX-delta theta=theta MAX-f (omega, IM) ... (1) 

Although various forms are taken from various conditions about the concrete formula of f 
(omega, IM), in this embodiment, it set as follows. 

[0032] First, load current (steering load) IM was set constant, and the simulation of changing 
attenuation start rudder angle thetaS so that angle difference deltatheta may increase linearly 
with the increase in the steering speed omega, as shown in drawing 4 was performed. Drawing 4 
shall show the case where load current IM is the minimum, and angle difference deltatheta shall 
become maximum (theta MAX -theta MIN) in the highest steering speed omegaMAX. In this case, 
the handle could be lightly operated to maximum rudder angle thetaMAX, and the result of fully 
decreasing came out of the impulse force in maximum rudder angle thetaMAX. 
[0033] Moreover, steering speed omega was considered as the maximum high speed and 
regularity, and like drawing 5 , attenuation start rudder angle thetaS was changed so that angle 
difference deltatheta might decrease linearly with the increase in load current IM. The good 
result was obtained like [ this simulation ] the above. 

[0034] Furthermore, as shown in the following formula (2), what multiplied by linear function [ of 
load current IM ] h (IM) which draws the graph of drawing 5 on the linear function g describing 
the graph of drawing 4 (omega) was set to angle difference deltatheta, and it asked for the 
formula (3) from the formula (1). A formula (2) is regarded as an amendment value (maximum is 
1) of the angle difference asked for function h (IM) by Function g (omega), as shown in the 
vertical axis of the right-hand side in drawing 5 . Attenuation start rudder angle thetaS called for 
from a formula (3) also brought a good result in the simulation. 
[0035] 

deltatheta=f (omega, IM) =g(omega) -h (IM) ... (2) 
therefore thetaS==thetaMAX-g(omega) andh (IM) ... (3) 

The formula (3) obtained as stated above is memorized by ROM of the control device 16. [ a 
thing ] if it recognizes that the steering wheel 26 attained the control device 16 with 
predetermined rudder angle thetaJ near the maximum rudder angle thetaMAX (=thetaMIN) with 
the signal from the rudder angle sensor 42 as mentioned above The moment steering speed 
omega of the steering wheel 26 at the time is calculated from the output signal of the rudder 
angle sensor 42, the detection value IM of the load current detector circuit 52 is inputted 
simultaneously, and steering start rudder angle thetaS is calculated and set up from the formula 
(3) memorized by ROM. 

[0036] And if a steering wheel 26 is further steered in this direction and the aforementioned 
attenuation start rudder angle thetaS is reached, the control device 16 will recognize the state 
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with the detection signal from the rudder angle sensor 42, and will decrease the driving force of 
a motor 44 from the time. In this embodiment, the duty ratio of the drive current of the motor 44 
when reaching maximum rudder angle thetaMAX is beforehand memorized by ROM of the control 
device 16, He is trying to emit a drive control signal in the chopper circuit 50 of a motor 44 so 
that a duty ratio may decrease from the time of a steering wheel 26 reaching attenuation start 
rudder angle thetaS gradually as a rudder angle becomes large. 

[0037] thus — since the steering speed of the steering wheel 26 is fully slowed down even if a 
stopper touches the knuckle arm 38 when a steering wheel 26 reaches maximum rudder angle 
thetaMAX since suitable attenuation start rudder angle thetaS is selected and motorised power 
is decreased from there — a shock — **** — it is small. Moreover, since the auxiliary steering 
power by a motor 44 is also effective to maximum rudder angle thetaMAX, a driver becomes 
possible [ performing handle operation by light power ]. 

[0038] As mentioned above, although the suitable embodiment of this invention was explained in 
detail, it cannot be overemphasized that this invention is not limited to the above-mentioned 
embodiment For example, in the above-mentioned embodiment although he is trying to 
decrease motorised power gradually, as a dotted line shows drawing 3 . you may reduce a duty 
ratio steeply. Moreover, although motorised power is attenuated by reducing the duty ratio of the 
drive current to a motor 44 in the above-mentioned embodiment, a means for reducing voltage 
etc. to reduce drive electric power by other means, and to decrease motorised power can also 
be taken. 

[0039] Furthermore, although it asks for a computing equation like a formula (3) beforehand and 
being computed from the formula The data of load current, steering speed, an attenuation start 
angle, etc. is beforehand extracted by the simulation or actual examination, the map is formed, 
and you may make it ask for optimal attenuation start rudder angle thetaS from the map. 
Moreover, about the parameter which asks for attenuation start rudder angle thetaS, 
introduction of other parameters other than load current and steering speed is not barred. In 
addition, since load current is used as a value equivalent to the steering load which acts on a 
steering wheel, it may detect steering load from a distortion sensor etc. 
[0040] Furthermore, the electric type power-steering equipment by this invention is not 
restricted to a fork lift, but can be applied to other vehicles. 
[0041] 

[Effect of the Invention] As stated above, according to this invention, the shock at the time of a 
steering wheel reaching the maximum rudder angle can be reduced effectively. Therefore, 
generating of vibration, breakage of the composition member of power-steering equipment, etc. 
which give displeasure to various evils by a shock, for example, a driver, can be prevented or 
eased. 

[0042] Moreover, in order that according to this invention the auxiliary control power by a motor 
may act effectively until a steering wheel reaches the maximum rudder angle, handle operation 
can be performed lightly and it is effective in the operativity of vehicles improving. 



[Translation done.] 
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ns^7F/b£^LT©s 0 co/n>K;h Ofctt, x 

7'jy^7b 1 2(Cfi, hVl' 1 O©0$5MP7 
«fc D ifflx. P>tifc b;V*ftlf EME#fa*ttttl-1"3 fci6© b 

KSftTVSo h>l"?liyy-l 4©*£tWB^i> ^<7- 
Xr7'J> 7*SB^f*© W$ •5*T77PP>'fc^- 

So 

[0 0 17] 777Uy77^7h 1 2©T'i» 
,7777 1 8M>*t7y h?y7-i»2 0^U F7*y 
{TVy>Z2, 2 4tCj&R£4VtV5o X77U77> 
t 7M 2 ©0$Ejllbti^r7^ 7^X1 8 Rtf l£ -y b T 
>7-i2 Ofc«t0EHfflBBie*tftSti, F7>y7'J7 

7 2 2, 2 4 ttJf©S^iaiK:SGoTE«WKa«»|S 

[0018] F 7 y 7 'J y 7 2 4 <D$fcflft8Wi, ftlHft 2 
6 171*7 S }iJfeffii©X* 5 ^7 7 7 7 50 



tfM 2001-30933 
4 

7 2 8 J7 f£$©Sffii77X hSH-3 0 ©ilb'jU ••' F 3 
2*^LTffiK*tlTV>S, 7^7y^2 8lt 'J 7 
77X;Vt"-A3 4Off*»fc3?0Wt&tlT*0^ F 
7>y7U>7 2 4SttSSft*'&SCi:T»zk¥^riftlKfeV'> 
TIaIiF*n«*9tftoTV5o U777X;H:-A3 
4 ©£&©&»£ «x * 7 7 tf y 3 6 tc <fc «5 7" v 7 
7— A 3 8 **zk 3 F2j tRj^fcl^TlHlfMtt^^ D tttt 6ft 
7*77 7v7;77-A3 8«^;V77>7 2 8^-7 
p-y F4 0*^-bT«8iStirv»So £fo ^7-y7;b 
7-7 3 8!c!iM2 6 *r»»*»H^lHieRl^t$ 
J$SfttV3„ fo7 a>F/H OfclsMgiftftU ^ 
©lf*©' ; £X77 U ^77^ 7 b 1 2 fr>5> h*7 7 7U 7 
7 2 4^IIT^l/-77y7 2 8^G7s cn^rlHlfl^^ 
St, 77n-y F4 0^/rtT7>v7;b7-73 8, t> 

i..t;± tineis- 26^ mwi cum© s ti s ° 

[0 0 19] 1*86112 6 %K£TSfc 
i&jc, 7-y7;V7-A3 8fcSltT J ?-©«l**^»I1"S 
Xh-y^ (KI7L7l>) ^U777X;be-A3 4C- 

[0020] left^ttw-rsieft-fev^ 

Mi f.f7) 4 2£:L77 -1-> 717> 3 G W'WjJfi&WWT 

^SCt5b^, 7°7>7 3X-7/jW-SLU\ left-fey 
7 4 2©ft£ftl£LH{i^«»SBl 6tA*^n, *^ 

[0 0 2 1] SM^^7-X77yy7gB«, EK, 

Mlto^K: «fc S*M6**«l!l&^ t tt6«*r S feAoMffij 

^^-T S*ib7 7 X b 3 0 £{i 1/ ^ S „ 
H7K©iES l j77XhgB3 Ott, «m-t-7 (IXT. ¥- 

*ijfflt-£fe©7&0, M>77y74 6rtSP©t!-^7- 
7 -y 7 7ffiiif © (I^L-x t 

t^oT, ^6-7 4 4©lElK$!S©lHl$E]Stt ; &tt!^ 
n 7 F 3 2 ©affiifii^^^S £ 9 Pfig^tiTV^So 
tH^p^y F3 2BA^7y^4 6^6JijiRr^fc^WL/ 
T 43 0 , ^ ©7tSiffig!5t± F 7 >y 7 U 7 7 2 4 o^tSJWP i: IS 
^•LT^;b77>7 2 8tC^MStlTl^S 0 }\*J*Jv9 

4 6 liltf i (H7;b*^) t^|f$nTV>S©T\ -t- 
£ 4 4%mWiL~atifjnv F 3 2^:m77>74 6lcM 
LTjljI$-&Sii, ^;V7777 2 S^rllliljS^rSCt: 
^7^, Lti(a-7AyF;H 0fr£ F7'y7*y >7 

[0 0 2 2] 7 4 4 1 C777 ) M 

P$ns„ Wlltli, 0 2^,77^7^7 -B-7 4 
;^r'J4 8k, /WfU 4 8^5)^-7 4 4 
tc^S nSBIMKtt** 7^-7SiJW1- 5 7 a -y / 

5 0 t^^tiTfeO, fiJPSB 1 6^'"7;i >y^il 

Eg 5 o icmwmwis 1 ^^ LrmmniM^ty-tymm 



5 

[0 0 2 3] f3'y'W5 0t!t ftWS§t- 

ttiiallS 5 2 jbW>J£SSK2ftTi^So t-* 4 4 fcfck 

ft-rso tot, ^»^(:BiiisS5 2«, intent 
a t s to -r § ai# n. t l x mm- % t © 

■P 3 c &ft*8K*ft ft HIS 5 2 t L T fa* 0 2 f C !i ^ £ * 

tHJAWTf-a 9^iB5 Ote^JtcSBttSnfelKn; 

otters £1 tiz&t), "t—z 4 4^n^a#«r)it ; & 
tdwrscttf-ess. &$tnfr a/d^$ 

[oo2 4] mmmt 1 6 a, MxELfcidK^^o 
t>%. mmmma, Affl^au, #*i»JMaiiw ccp 

U) , IHIigP (ROM, RAM) %m&T^% a tEMSP 
©ROMfCti, /n> hVPiWOh^^tytl 4, 16 

ffj -!!>'•')• 4 2 Rtf^^wataft wisiis s 2 e> ©^tnis % 
ta^sf*— * 4 4^$ir#p-rs7°n^9A^id'S?n 

[0025] &tc, ijfi^^Mtcs^y-x-rruy 

fa" Ol^T S o 
[0 0 2 6] Jil6^2 6©*Gft#-t?n©:RJ», T&:b% 

ft L * (OtmtJ SXr7'Jy^t7H 2 , 

XV&yfT. 1 8St>*tf-y hv>T-A2 o£5ILT F 

X FS1S3 0 0*—* 4 4 *JBt&S-&, F-5"y >^ 
2 4©^i37al«Itlll77^, tB^P-y F3 2 

frzoxmmmtimtiMZtis m^nim^hx^y f 

;l/ 1 0 £©<6sSWFf « c t ft 5 Rite t a s p 
[0 0 2 7] co±5ftAyF;H 0©laHBtft#Sra^' 

iMjidi.'ciio.h, «Mgfi2 6(^ m?ifaiM<Dm±mft e 

»ax fcgfifi-TSo *f£M2f§fa^J^Tfat Jtefc^Lfeft 
initio flMHtoWg Atkft e «< ofidoife 

?4 4 fc^£ft£J£l&Siffi©xa— r*J££l6ft©*tl 
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>ir- a 3 8 1 x h y * t tm&rz zticxz wwz 

[0 0 2 8] **M2f tt> ^*«^S^i9, 

mspi^ik^ e , im^L £&-ox$s<9, mm- 2 6©i 
ic.e UTS neis^is^ e s «so»s« 1 6 1 «t d m^t 

%>££t LT^§ 0 l¥Wtcti v OTgB l 6 tt, Slteli 

io 2 6 tmMtft e m o)f-mo>fft:,.min e , tcmvit c t 
iBtiiK 5 2 ©tftwii 1 1 tmmnfo t l rM^rn o . c 

[0029] a*3> MIBm^teft 0j »i«S[^«>r«J;v 
it, 0j{i0».H tracfil^hStcDi: Lfeo Sfc> MS 

[0030] j*jKjiSo)^iSjS-e^s^ x^iHi N ^ 

ttf&zrctb, mmm^mne, tm-xmne™ 
j: d sAiKft 0 m.« fc#3g&«*M$ftiefcejfc©ffl© 

ft A 0 fc&f c t KX t § # x , A^MMfc ^3 

[0 0 3 l ] 

40 0 s = 0 b« - A 0 

= 0 ux — f ( (O , In) • * * ( 1 ) 

f (a), i») ©RttWa^fctJ^TJi^ft^ft*^ 
tc LXfezbfco 

[0 0 3 2] $-f % M#«r?it C*l6ftfif) I 
A 0 j&t-3MSB»«*ciSiiirr § <fc 3 MSIB^ft 0 s 

50 sax ti±ft a 0 nmxB ( 0 ■> - 0 m ) t a § t> 



(5) 



©tifeo mx&ftem st»/n^f;v* * 

[0 0 3 3] ftll@iga>«Sift& -StU 0 

[0 0 3 4] HtC, (2) IC^?&51C, 0 4(0* 

A 0 = f (to, In) =g (ft)) • h ( 

0s = 0»ax — g (ft)) *h (In) 

W±5S^fe«t5fcUT»&tlftS (3) tt> fUJVP^Sl 
HI$lc&ffiWffifftttlBltt 5 2 O^tHfl I « ~%:Kh U R 

0 m izmms nfcs c 3 ) a* e gnen^ieft 0 s 

[0 0 3 6] -f-LTY 6ft^^filKlMe* 

IE8RU ^©^5, ■=& — ^ 4 4 cDJKSb^l^M^E^" 

1 6£DROMtclB'»?tlT*3 0, ftlgti 2 6 &H£&M1fc 

0s (c^b/cBM^e, mnt^-k^ < &§m^t 
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^57*«K-&H»g (to) tl5(D^77«<ft 
^HSRI.O-^iiKh CI.) *StUfcfc©*ftfiMA 
etu s (1) fr£>£ (3) ^*a6fc 0 (2) it, 
H5Cfctf«£0!l©M«ttfc^-r<}:$li^ BSSch (I.) 
*pg«Cg (a)) fc«fc9£&5ft5ftfiM<D*fIEfit (fttc 
flttl) fcLTtSAfctO'PftSo 3 (3) 

[0 0 3 5] 



I.) 



• » • 



(2) 



r 11 



KWWf ^SSTS «fc 5 £ Ltl^o 



[0037] C Oct 3 fc, S^&tt&Mttieft 0 s 

<dt\ ame«i 2 6 wm-x.i&ft 0 ™ ufci& f - v * 

[0 0 3 8] *5|H^O»ji^Mm^^^TP 

mmz&T^%t>\ 

[0 0 3 9] it, 5$ (3) ©iSfciWSWfc^i&jfc 
46, ^(O^SStBI-^ilti: LTVSaV ftffihtSk 



30 



40 



(3) 



50 



^^v>yy^?,§S*Msr J fl^^0s^>R465<fc 

[0040] '.WL- . j; <o vj;:<<(x'C ^ v- xr r o 

[0 0 4 1 ] 

[0042] *«wic«tnt^ Mmmt?m*.mn 

[Hffi<ofSi¥&©OT 

[H 1 ] ^B^A^fflajftg^S^S/^-X-ry V 
[0 2] *5!Wfc«tS<*CS''^7-X-r7 0 y^Sfifc 

[0 3] <fc' 5 t-^Bili^OiSBSOfh^*^ 

[0 4] ft^«jjit^-^i: LfcW^-tfeltSJSlRsafit: 

[0 5] 1#«^J8*-^ 1 1 *s It § fi^mM t 

it^77T'|.5o 

[^if^mra 

l o-avF;K M-hMt^ 1 




[02] 



[03] 



L 



48 

L 
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SO 
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& 3 V/i\Mf& 



52 
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$tbljg]88 
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42 
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